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本论文以褐菖鲉（Sebastiscus marmoratus）血清 CRP 作为实验的研究对象，
选择了两种目前颇为关注的海洋环境污染物四溴双酚 A（TBBPA）和三丁基锡
(TBT)为污染材料，研究褐菖鲉血清 C-反应蛋白（C-reactive Protein）的基本性
质以及在 TBBPA 和 TBT 暴露下的免疫反应特征。实验分别以 0.2mg/L 的







量为 378.515±13.51µg/mL；SDS-PAGE 和 PAS 染色法分析发现该蛋白为
糖蛋白，只含有一种亚基，大小约为 24.5kDa；表明褐菖鲉和其它绝大部
分鱼类一样， CRP 中只含有一类为糖蛋白的亚基。 
2. TBBPA 和 TBT 暴露处理发现，褐菖鲉血清 CRP 的浓度都随着时间逐渐
增高，并且在 12h 时达到峰值，暴露于 TBBPA 的 CRP 最大值为常量的
2.079 倍，且暴露于 TBT 的 CRP 则为常量的 2.748 倍；随后，血清 CRP
的浓度开始下降，到 48h 时已降到常量水平甚至略低于常量值，这一结
果说明了 TBBPA 和 TBT 的暴露引起了褐菖鲉 CRP 含量发生变化，而变
化程度的不同则表明 TBT 对褐菖鲉可能具有更强的毒性作用。 





















一→单一的变化过程。说明 TBBPA 和 TBT 诱导产生了新的 CRP 形式，
而且在暴露于污染物的过程中，CRP 以常态和诱导态并存。尤其是 TBT
暴露下 CRP 诱导态存在时间更长，该现象进一步证明 TBT 对褐菖鲉 CRP
具有更强的诱导性。 
5. SDS-PAGE（12%）检测了 CRPN 以及经 TBBPA 和 TBT 诱导的峰值部分
的 CRPTBBPA 和 CRPTBT 发现，三种蛋白均有条带出现在相同的位置，但
经过污染暴露的诱导态 CRPs 在电泳中还出现了其他条带，说明 CRPs 中
的亚基已经产生了不同的变化；以 10%SDS-PAGE 和 15%SDS-PAGE 检
测 CRPs 均得到同样的结果。Schiff 试剂对这三种蛋白染色仍然均呈阳性
反应，表明 CRP 不但在亚分子水平上发生了变化，而且这些变化可能与
其蛋白结构中的碳水化合物的组成有关。 
6. 通过 ELISA 法观察了 CRPN 与诱导态 CRPTBBPA 和 CRPTBT 的表面抗原
性质发现，CRPTBBPA和 CRPTBT与兔抗褐菖鲉 CRPN血清反应作用强烈，
但反应程度有差别。表明褐菖鲉经 TBBPA 和 TBT 暴露后，尽管三种
CRPs 均有相似性，但是与抗体结合的亲和性却有明显的变化，他们结
合的顺序依次为 CRPN＞CRPTBBPA＞CRPTBT。从而进一步说明 TBBPA
和 TBT 污染胁迫已经引起了 CRP 表面抗原物质的变化，而这些变化
可能与褐菖鲉的血清 CRP 在免疫早期的解毒机制有着密切的关系。 
7. 将去糖基化的 CRPs 进行未变性电泳检测发现，常态的 CRPN和诱导态
的 CRPs 迁移位置相同，从而证实了碳水化合物是造成 CRP 变化的主要
原因。 
8. CRPs 浓度的变化与形态的转化有关联，在 CRPs 形态转化的过程中，





















在 TBBPA 和 TBT 暴露过程中，CRP 分子存在着动力学的诱导模式，并以常态
和诱导态并存。其中以 TBT 的诱导能力为更强。CRP 分子性质的改变暗示着
TBBPA 和 TBT 污染胁迫引起其蛋白结构中碳水化合物组成发生改变；同时造
成 CRP 表面抗原物质的变化。如果能够获得针对这些特异性有害物质诱导的























In this study, the Sebastiscus marmoratus serum CRP and its reactions after 
exposure to 0.2µg/L of TBT and 0.2mg/L of TBBPA for 0, 3, 6, 12, 24, 36, 48h 
were examined.The research concludes elevation serum CRP level under stress, time 
dependent analysis, SDS-PAGE analysis, glycoprotein nature of CRP, native-PAGE 
analysis and immunological crossreactivity. The results showed as following: 
1. CRP was extracted by purification affinity and measured by UV absorption. Its 
serum content is about 378.515±13.51µg/mL. Only one kind subunit was 
observed in Sebastiscus marmoratus serum CRP, which is glycoprotein in 
nature and about Mr 24.5kDa. Because of the high carbohydrate content of 
CRPs, the molecular weight determined by SDS-PAGE is not accurate since 
the anomalous behavior of glycoproteins in SDS-PAGE is very common. 
2.  The levels of serum CRP in Sebastiscus marmoratus were both increase after 
commencement of exposure to TBBPA and TBT and was found to reach to 
maximum after 12h. Gradually the CRP level receded and after 36 h it came 
down to the level stayed close to the normal value. But the elevation peak in 
serum CRP content is different. The maximum level of CRP on exposure to 
TBBPA was reached to 783.18µg/mL(2.079 folds higher than the normal level), 
which to TBT was 1035.007µg/mL(2.748 folds higher than the normal level). 
Furthermore, the serum CRP change rate is also different after exposed to 
TBBPA and TBT. These results indicate that TBT is possible more toxitant to 
Sebastiscus marmoratus. 
3. In native PAGE, mobilities of the three purified CRPs differed noticeably 
showing their difference in molecular forms. Interestingly, the CRPs induced 
by the pollutants vary from the normal CRPN as from each other. These 
electrophoretic analysis clearly demonstrate that each CRP is unique in nature 
as a wide spectrum of pollutants are capable of inducing different molecular 















CRP generated.  
4. The gradual elevation and subsequent decline in the level of CRP at different 
time intervals after subjecting the fish to different pollutants prompted us to 
investigate the state of CRP at these time points.The native PAGE analysis of 
the CRP preparations from the sera at different time intervals 0, 3, 6, 12, 24, 36 
and 48h after incubation of fishes in TBBPA and TBT polluted water 
separately. It is important to note that although the CRP preparations at their 
peak levels give single bands there was however coexistence of the normal and 
induced forms of CRPs during the course of transformation for both the 
pollutants. In the early stage of induction the transformed CRP(CRPTBBPA and 
CRPTBT) increased gradually as time proceeded towards the peak period of 
induction while the normal form (CRPN) decreased and became negligible at 
the peak; then the CRPN started reappearing with a decrease in the induced 
form and finally the induced form completely disappeared at longer time. The 
patterns of transient appearance of the induced forms were very similar for 
TBBPA and TBT induction.  
5. In SDS-PAGE(12%) ,all three forms of CRP give one same band of apparent 
Mr 24.5kDa indicating that the CRPs contain one same noncovalently 
associated subunit, but other bands was found in CRPs demonstrate that the 
subunits in CRPs changed differently . The one band in all the three CRPs 
appeared at the same positions indicating the presence of the same set of 
subunit in all the three CRPs in spite of their difference in mobilities in native 
PAGE . The purified CRPs also showed similar results on 10%SDS-PAGE and 
15%SDS-PAGE. On PAS staining the subunit in all the three CRPs stained 
positively indicating that the subunit is also glycoprotein in nature.  
6. Antisera against Sebastiscus marmoratus CRP (CRPN) cross reacted strongly 
with CRPTBBPA and CRPTBT as evident from ELISA results. The slopes of the 
curves indicated differential reactivity of CRPTBBPA, CRPTBT and CRPN with 















three CRPs with slight but detectable variations in their affinity for antibody 
binding. Thus CRPTBBPA and CRPTBT share antigenic determinants in common 
with CRPN, however, they bind to the antibody with different affinity. The 
strength of their reactivity were in the order of CRPN＞CRPTBBPA＞CRPTBT.  
7. Detect the deglycosylated CRPs with native-PAGE, the same band indicates 
that carbohydrate is the main reason to these changes of CRPs. 
8. The change of CRPs content has close relationship with the transformation of 
CRPs forms. During the process, because of the transformation of normal CRPs 
and the induced CRPs produced by organism, the CRPs content rised up; on the 
hand, the rising content also reflects the transformation of CRPs, which 
induced the affinity with antibody. 
9.  The content, forms and affinity degree with antibody of CRPs is concerned 
with the species of polltants. These parameters can reflect the toxicity of 
pollutants. 
As above mentioned, Sebastiscus marmoratus serum CRP would be induced 
after TBBPA and TBT exposure, which also changed CRPs molecular weight, 
charge and (or) structure. Normal and induced forms of CRPs during the course of 
transformation for both the pollutants, and TBT is possible more toxitant to 
Sebastiscus marmoratus. The carbohydrate in this protein induced CRPs to change. 
Based on above analyzation, during the pollution exposure, the normal physical 
function of Sebastiscus marmoratus was affected, CRP acts important role in fish 
immunity mechanism, organism repairing and ealier detoxification.  
 
















缩写 英文 中文 
CRP C-reactive Protein C-反应蛋白 
TBBPA Tetrabromobisphenol A 四溴双酚 A 
TBT Tetra-n-butyltin 三丁基锡 
PBS  Phosphate buffer saline 磷酸盐缓冲液 
SDS  Sodium dodecyl sulfate 十二烷基硫酸钠 
BSA  Bovine serum albumen 牛血清蛋白 
EDTA  Ethylene diamine teraacetic acid 乙二胺四乙酸 
ELISA  Enzyme linked immunosorbent assay 酶联免疫吸附实验 
OPD o-Phenylenediamine 邻苯二胺 
PAS periodic acid-schiff 过碘酸-雪夫试剂 
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